The cleaning, washing, drying, and powdering of surgical rubber gloves is a disagreeable task requiring a good deal of manipulation, and consequently a relatively large expenditure of man hours. It is necessary, too, when gloves are used in laboratories working with pathogens that a preliminary decontamination be given to prevent the gloves from becoming a source of infection. Graham (1957) is added manually by pouring the liquid through a dispenser. The gloves are washed for 10 min in this solution.
The cleaning, washing, drying, and powdering of surgical rubber gloves is a disagreeable task requiring a good deal of manipulation, and consequently a relatively large expenditure of man hours. It is necessary, too, when gloves are used in laboratories working with pathogens that a preliminary decontamination be given to prevent the gloves from becoming a source of infection. Graham (1957) described commercial-scale equipment which could wash about 900 gloves at a time, but it did not decontaminate, dry, or powder them. Mechanization of these operations seemed possible, and the feasibility of processing gloves in a household-size machine was jointly investigated by Whirlpool Corporation, St. Joseph, Michigan, and Fort Detrick personnel.
Preliminary development by Whirlpool Corporation included a decontamination cycle before washing, engineering modifications, and rubber-life tests. Because of the mutual interest in this equipment and its potential savings for Fort Detrick operations, government personnel operated the equipment and assessed its performance under actual laboratory conditions. Tests were made in a unit of about 16 laboratories, where an average of about 1,200 gloves were used per week. Tests proved that the modified washer-dryer was satisfactory for preliminary decontaminating, washing, drying, and powdering of both the outside and inside of the gloves. A description of the modified washer-dryer and an evaluation of the equipment in operational use, as made under this contract, are reported in this paper.
EQUIPMENT AND PROCEDURE The equipment is a modified 1957 model RCA Whirlpool combination washer-dryer. It was modified in the Whirlpool Corporation Research Laboratories to give the following cycle:
1. Machine is filled to normal fill level (3.5 gallons of water) with a water-control switch adjusted to deliver water at 120 to 125 F. Concentrated sodium hypochlorite (NaOCl),2 to furnish 500 ppm of free chlorine, is added manually by pouring the liquid through a dispenser. The gloves are washed for 10 min in this solution.
2. The decontamination period is followed by 1 min of pump-out and tumble.
3. The cycle stops and a buzzer sounds to signal time for adding detergent. When the timer is manually advanced, the washer fills automatically to normal washing level and 25 g of detergent (any low-sudsing, non-ionic type) is added to make a 0.2 per cent solution by weight. The gloves are washed for 5 min at 120 to 125 F.
4. The wash cycle is followed automatically by a 2-min pump-out and tumble cycle.
5. This is followed automatically by two rinses and pump-out and tumble cycles, of about 3 min each. No extract spin is used throughout the entire cycle.
6. After the final pump-out, the timer again stops and a buzzer sounds to signal time for adding talc or starch powder. The timer is advanced manually and talc or starch powder is added directly on the wet gloves (approximately 1 g per pair of gloves). The powdered and wet gloves are dried by tumbling in air which is heated to 125 to 130 F at the inlet of the chamber. A drying time of 30 min is used but shorter times are adequate depending on the size of the load and the age of the gloves. New gloves and/or light loads dry most rapidly. The surgeon's rubber gloves used weighed 3.5 lb per 50 pairs. With this weight of glove, the machine is most efficient with a load of 40 to 60 pairs.
To accomplish the operations described above, the following modifications were made to a standard 1957 model RCA Whirlpool washer-dryer:
1. A special timer to give the desired cycles was substituted for the standard timer.
2. The temperature-selector switches were provided with stops to limit the temperatures.
3. The extract spin cycle and required controls were eliminated. 4 Time. If 500 ppm NaOCl and 120 F are held constant, 5 min is sufficient time for decontamination.
Temperature. If 500 ppm NaOCl and 10 min are held constant, 75 F is sufficient temperature for decontamination.
Concentration. If 120 F and 10 min are held constant, 100 ppm NaOCl is sufficient for decontamination.
Grossly contaminated material could conceivably require some increase in the NaOCl added during the decontamination cycle. It has been pointed out that 100 ppm chlorine are sufficient to kill all spores under time and temperature conditions used in the machine; i.e. approximately 1,330 mg chlorine in the 3.5 gallons of disinfection solution. A sample of canine blood used in soiling the gloves was found to have a chlorine demand of 26.5 mg chlorine per g blood (dry weight basis). Based on a chlorine demand of 26.5 mg per g, it would take more than 200 g of blood on the gloves to bind sufficient chlorine to render decontamination ineffective. Gloves were immersed in the contaminating material so that both the inside and outside of the glove were wet with the liquid suspension of spores. Two conidicated taminating materials were used: (a) an aqueous sustration pension of spores of concentration of 1 X 109 spores per ml and (b) a suspension of red blood cells contaminated with spores to give a spore concentration of 1 X 109 spores per ml. In each case the gloves were dried in air, turned, and dried again before washing.
F
Based on rinse counts (Hoffman, et al., 1959; APHA, 1953) , approximately 5 X 105 and 8 X 107 spores 000 per glove, respectively, for treatment (a) and (b)°°°r emained on the gloves at the time the decontami-°°°n ation and washing was begun. Tests for decontamina-000 tion involved (a) culture of the whole glove in nutrient o00 broth for 18 hr, then streaking on to nutrient agar 000 plates, (b) vigorous shaking of a glove in 100 ml of sterile diluent and assaying the rinse water for viable ++ spores, and (c) assay of the drain water at the end of 00+ Tests were discontinued at this point because it was believed that, due to damage other than from sterilization or washing, the normal expected life would not exceed this number of washes. Gloves examined for deterioration after 30 consecutive wash cycles were of a slightly lighter color and somewhat decreased "rigidity" as compared to new gloves. All gloves were satisfactory for use.
Experience During Long-Term Routine Use of the Machine All gloves used by the Fort Detrick laboratories (approximately 1,200 gloves per week), were decontaminated, washed, and dried in the machine during a period of 15 months. The washer-dryer was located in a central glass-washing and media-preparation area; consequently the operator was free to conduct other work while the gloves were being processed either by machine or by hand. This condition made time-motion studies difficult to estimate. However, for each unit of 60 pairs of surgical gloves, about 20 sec per pair were required to handle, wash, decontaminate, dry, powder, and return the gloves to the laboratory for re-use when machine-washed. When washed by hand, at least 105 sec per pair were required to collect, decontaminate (autoclave), wash, rinse, dry the outer surface, turn outside-in, dry the second surface, powder, and return gloves to the laboratory. Perhaps as important a consideration as the time expended is the requirement for facilities and laboratory space to spread or drape gloves for two drying periods which, under some conditions, may require several hours each.
The number of new gloves purchased in this unit of laboratories through the first 15 months usage of the equipment decreased about 80 per cent. Most of the savings were due to decreased deterioration as a result of NaOCl decontamination instead of autoclaving. On the average less than three uses of a glove was obtained when hand-washed in the test unit. Machine washing has produced uniformly satisfactory results. Gloves were clean, decontaminated, dry, and powdered lightly. The degree of powdering was such that no additional talc was required to easily glove the dry hand.
For a short period during the 4th and 5th months of use of the machine, some gloves, after processing, were observed to have fingers and palms struck together and were not completely powdered. This was apparently not the result of equipment or process failures, but was the result of deterioration of very old gloves. The initial gasket seating the washing chamber deteriorated and was replaced after 10 months of use. This deterioration apparently was due to chlorine. Replacement with gasket material believed to be more chlorine resistant has been made. the washer-dryer to the building ventilation exhaust, primarily to eliminate talc being blown into tie room but also to carry away heat and moisture, and to build in an additional safety feature. A 4-in. flexible hose was used for the installation from the machine to the building vent.
DISCUSSION
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The help of Whirlpool research personnel, Wilfred Compans and Gerald Freier for engineering work, and L. A. Jarvis for rubber testing, is gratefully acknowledged. SUMMARY A washer-dryer for surgical gloves is described. The machine is a modified household washer-dryer combination which performs a decontamination-wash, detergent-wash, two rinses, and a drying cycle. Gloves are removed at the completion of the described cycle, decontaminated, clean, dry, and powdered. Such gloves are satisfactory for immediate use for routine purposes or ready for wrapping and autoclaving for surgical use. It has given satisfactory operation in routine use in a 16 laboratory unit, using about 1,200 surgical gloves per week, for a period of 15 months. Use of the described machine resulted in a substantial savings of laboratory technician man hours and extended the life of the gloves as compared with processing by the hand operation in use at the testing laboratories.
